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(54)Ti«e: THIN FILM PIETOELECTRIC ELEMENT 



(57) Abstract 



A thin film piezoelectric element 
comprising a substrate, a lower electrode 
formed on one side of the substrate, a 
piezoelectric thin film formed on the lower 
electrode, and a first upper electrode formed on 
the piezoelectric thin film, wherein the thin 
film piezoelectric element further comprises a 
second upper electrode formed on the outside 
of the first upper electrode formed on the 
piezoelectric thin film when viewed from the 
center of the first upper electrode and having a 
mass load larger than that of the first upper 
electrode and the piezoelectric thin film has 
high-pass cut-off dispersion characteristics. 
The cut-off frequency of the second upper 
electrode part piezoelectric having a high mass 
load can be set lower than the cut-off frequency 
of the first upper electrode part piezoelectric 
and the energy of elastic wave can be confined 
in a region on the first upper electrode part, 




whereby a good performance can be realized. 
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w m m 

fe£oMMf±mmj-izr>\,^Tmw%^M\ste&cbm.m?z>o m3 4&vm3 5 

(i> Fundamental mode VHF/UHF bulk acoustic wave resonators 

and filters on silicon", 1980, IEEE, Ultrasonics symposium, P P . 

8 2 9 -8 3 3 (JUT. Xffi 1 titt) £*$ntcV£&(Dmfl%E.mM?(Dffimz 

ztz. m3 6&tMH3 7tt, mz.t£. ^mm^mm4 3 2 o 3 6 5*5- mr 
3 6&±mm. 03 utm 3 6(Dmmmx~$>2>o 

^MH^^O^tt, #l*f$ttffig|5 6 £ 0 i3 8it HI3 5 
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m3 8(3i>v^T^ ±&mm4izmtontzmmmm3<Dmm,zmmffii£mtt.7 & 

?H5flEmi*7 atc^(t5'«^OM^^ r k m j L> &f*MjEEii<fc 7 b (ciitt 
S'$f;fe«©^!&£ r kfJ tT^o 

fcu jtiii3i:, mtmm (zno) ^^lt^^-^a (a in) %m^x 

±^mm4 tr^mmz tvmizwmztitzmmz&^Xs a 

zmmttfmmznzo zwtz, ±.t$mm4 (D±.m<Dm, &j;t>\ r^mm 
2(DTm<Dmte. -xn.t&Tz>(DXs ±.nmfrfimizfcM'tz>mm&. z\n*> 
<D±%£m-?zmx'te&&±jx.M£ti2, 0 -n. mmz^nteismziRm-rzw 

m^immi 5 omm^m. pp. 82-87. 1991 mxr. xm3tm-r 
mi&3 common ftx faizfcMT zw&fc<n$i$i'z$> ^ ra«i©£<i»{i$ft»# 

So tSW8^ «SSIS£E*<*7 aff*£lftt53W4*07>IR«ftt**U 
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Ei3 9(wijvM:, ±s2E.nmm3mmiz¥-fttj;fifa 

<gtt3fctf>s MgPJEmi*7 acDj^rr/^^ rf 0roJ « s ffltW&gftEE£tt7 b 

©aS«f««« r forJ «fc So 

<«*>n-c^s»fbffi» (zno) ^^bT;i/^-^A (a in) tt, da><ta 
o«» r k fJ £&mznm<Dt8&tz. aLX-mM£titz&&m& 

i£*«h?ifcS(0fc:#U"t\ }RS««SPff«<*:7 bt?H:j*»f«t«cS. ^ 
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#te«ttKlt£*U »tt»©^*;i/^r— j&*WS6BEES#7 a«£t;:|Sbi£#>?>ftS 
o C<7)3lgi£: rx^;i/^-(3Bi;ji«)j fcSl\ WttttCi^^-jPfcttttJBW* 

0 t*#©S?<b36S& (ZnO) fe^fc&JWyEEfcSR^fcfc* i*;i>¥-Hit&«>**iJ 

1 5 0#g£;it. pp. 1 2 5 - 1 2 9, 1 9 9 1 (WT, tttt) tzfjk 

PZT) (PbTi0 3 ) *©l&IR£E«*tl4ffl*Sl«M*IS^«» r 

kj tfO. 4-0. 8T-&£<D(3*tU SMbffilft (ZnO) &m.%mM£-&& 
rk t j j&M&o.. 3fc/h3^o ^m^MJ^&&#'h£v^ ftlStUfci 

inc^tlt, 01*. {^Wft^^El-bv * (PbTi 

o 3 ) t±, rk tJ £;s-rs#> m* (uzm-txote&m 

#7 a®ttBrJ3&& r f 0m J «fcO*S5<. J»«ffi®BE*(*:7 b©«WfJStt«[ rf 
T?ttfK»«i:&SfetfK i^i^-4IMift7 afcB1fc&0>££fc**T?S 
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^c^3^(c{±, 14 i (-/T^•r^^5b s j^li^e>nTv^?)o -r&*>*K asuE 

*tic7 a<DJ<P<fr rh,j JR*ffiSP£Ea<*:7 b©Jp<fr fh.j «fc r>t>m< UT* 

0 4 2 lis 04 lt^Ufet5e*OJE«ll5^©l&^4attW^Sfc»©«'««ftt* 

WrJS«»tt r f 0 .„,J M©W«ftffi©IB1f«fc:J:!K ftum^gPJim^ 

7 b©jffi»fJ!3«HB$C rf wJ «fc So iftCMLt, HS:{fc3 ©J¥££*$m 

ffiSPEEfctt 7 b «iSE«#7a(0«RrM$ft r fo m2 J ttfc 

<&£o otitis J»*ttfif **yBfi*«ffi«*©J»* r h 2 j C«#LT*fllt 
SfctoTJfcSo fc-Saraj&JPS rh 2 j SURtn«s *1BffliEE«tf:7 a©*W 
JIM rf wJ tiu jftftttf ffijEIKtt 7 bOttKJHtttt r fofJ cfcOfcEKTSd 

7h<Dmmm%im rf^juxbjgK* *ffia&JE«B<*7 ao&Krftttft rf 0m2j 

«fc *> iii&^mmmx'i^ tmmmtt i a mmmmEEm* i b &&bt 

^-HJt&ftj x ' 79/K Vol. J6 2-A, No 

. K PP. 8-15, (WTs Xltt5i:83-r) fci^$nfc(«*©flb©ffi«*^ 
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8C+MH z^WT©iMti^^f)ti5l£ii?T'fe5o H@gPffim{*7 att# 
2 a h<om^m.mzziy : r>y- 1 l^A^titl^o 
12 4 5 fi. 1214 3&t>'l2 4 4 Ufc^©Jim^^©Sb^SI5iBJ-r SfctfxD 

=1-$ym& (PbT i 0 3 ) ©J;9^Et-b7^X^<(i, JEEm*fc3 
14 3&OTI4 4 tC^bfctfJ-ey:. ^gtfJEmi£7 a©<fr£#^#LilU 

^»fJ^» r fof,J J^&JlMf&fcU ^««f^l 3fc&So 

±gfl^S4 tm^Lift? 1 2 a i:<DF^(c, i&l#&^g<D3 >^>h* 1 1 4 
IfAf^dhlCcttK fSa&ttfcs S&tf^l 2 a*»&JE5iA,£«S8l$JEa<fc7 a 

r fom 2 J ««»ffi«<*7 aOil£WrJS«[» r f 0ml J 
<t5ottffls «ttl 5t&5» Z<Dtz&. mmais^l 2 a*»£jij^ 

3fcfcSfc«>, JSIMf *»JR*«6PE««e 7 b©jftWfJSI«[» rf Mj j; \y 
M<. t^JISf 1 2a*»e>J|j^£**®EES<*7 a<DJl^&ffija8HBc r f 0m2 

j «kD<£ir>»^ttx mw»m«f*7 a"ct4e««, itia5ffi*7btttii 
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m 4 6 rum 4 7 tiu ct*^ ^^s^^^nfe^oflbtDmrn^^^js^ 

fit^^o 04 6li±B3El> 1214 7(i»r®IlT'feSo ddT-fcJu ±W4, 

Ik+MH z^T^^^fflVN^n^iEm^^-efeSo i5jntw*jv>r, i6i± 

TU£o ±g|5fI4 tm^m? 1 2 at©P^^(fi^J{3=i>7 :: >-tl- 1 1 ttW 

8 (is ei 4 6&rjqgi4 7^/TNbfe^©ffe©Hm*^©^&^-rsfc 
«>05^^t4*^-riii-efe?»o [p]ei^*5vm:> i 8 limmmm^mm^ 1 7<d# 

^fc, ±gpm-H4i:mm^^i 2 at©^ wm©3>f>tiu 

<Z>J?2*#|§Jiiftiifc r fom2J ^ «ffigM£«#7a©£»rH««[ r f 0 n,.J J:bS5 
<f &££#T'^ ^ftWIS 1 5t*So CCDfcto, mm*ifi? 1 2 a&&£3^ 
£»^©ttflstt, SMm*tt7 af±#gSC<8t41 5, *gfcttffifl!EE«tt 1 7tt# 

&!8t$i 8^^sfc«)s i^fMiiiaiEtfti 7 r fof2j 
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0m2 j «fcO(£v*»-&fcix iWl«:7 atlifim ®«tffi8E*ftl7T? 

JiiEbfc«J;-5&(ae3l5<7)l»JKJE*IR : FT?i±. JFE«*Kfc«fls3Ei9 (ZnO) 
fbT;U^-^A (A IN) &ffiWCl*fco Cft £ ©£ES8*WHU i^B&fJMiSI&ct: D 

fS^-etfc. U*»U ffiflsffitt (ZnO) ^ib7;K-^7A (A IN) tt 
S frffi'M * £ I* 3 n -5 o fc o 

t) !S V vJi StScJSi iftKr J$ S AttttKr^ * fl* "T * © »K i © «t -5 

^n>$>S^(i-9-7^ ^^©^l^T'J^^^wh^So ±HBMM£g 
jRS*i5£iffi©¥ift&fcJu »S©»^© 1 *»*>#+#© 1 WK'ifeSiicf), ±HB 
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Sft«l3H*T?*<ft3o rECR-MBEStiS2 0it7^7S« 

iAffl ZnO &BI©i ;u*fi j s B *^iM»^Ml*fc«^ftffi3§ 1 
5 0Si^5 2®»*#*», PP. 1 -6, 1 9 9 7 (WT> *«6i:8B-r 
) . &£l>t±s rj£«#:(3D®ia*|g/JxbfcGHz^fflt^;i/^*aW«[7'f ;u^j 

s 1 9 9 i^m^mmm^mm • ^vt^r-f^, a- 11-6. p 

p. 1 6 3, 1 9 9 7 (WTs X&7 tfc-t) t^^nt^Si^!:, JEttffK 
3rt^£(±^iTrtgfS/fo^##£U 3> <©*§£, Etm&tl-Z&Ztzl!). iitBffim 

, ±gi5mii4tc^jtii>7 :: >-y- 1 1 &*f A-rsdfctct i^^t:, 

-f 1 2 afr£>JI&A,£mM5Em&7 a©J*<fr#MM» r f 0m2 J JR«ffi 
ffi£E*(fc 7 b ©»«&««« r f M J &r>*>M<ti*&VV£*to*tiX^Zif. 

mmWl a ©»*#«««» rf wJ ^ ±E*#«©fc«tt»£E**7b© 

ttPR^nT*?), 0iJ;tfc£> ±9J«*i4lcH«ftl8f»«©^SV^ (Au) 
(Pt) *ffl^fc«^t:tt> «Et*7aOMH^ r f 0m .J ^ 
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h b m^(D\£mm%(D^mi^>^ s ^ & -MftM<Dmmm&K.mfc 

7 b (DWS\MWM r f of2 j fc, #«MUfc»^©J«M»J£*tt7b©aEif« 
Wf MlJ £©JlJ£»M#'h<* <s mms^-T 1 2 a J; OB^fc*S«8gf5ffim<* 
7a©JI»ftiJI»ft rfomzJ *s ta*«ffli£E«<*: 7 b ©»»?««« r forcJ 

i 6 &±ffimM4 (DtiMizBm-rzxj&T'te. mmmm i 6 tr^m 
mommx-mmr? zxmz, mmmmscD^mcD^m^^mmmmi 6©±gism 
©f£W#*£ <u salt bfe^^n^T-^^v^^^^P^M^^feo fee 
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ip.bfr%frTmmmm%±(Dfnmm 1 (Dt®mmcD>A.imzBm,£ti, mmm 1 
12m 2 © ± gprn^s 4 Mia fz & cd -e & o 

CcD^0^^5^ffimiN^{i> iftaBfllcD±^ii^n«jsBtfS2cD±g|5 
M £ U fc * <DT'fc £> o 

CD±SPmiii 0 *ti*p"8it^Hire»2 CD _haHWSi£fi;tofc So 
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TiO,) 

act, zcDwmzmzmmfcmmTte. ±®m.&(D±.mm£$$nte*mtttzt) 
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(C ft tl x v ^ 3 & <e> T* & 5 o 
Ti03) $$^ttS4©t*$.?.o 
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m 1 &z.<Dftw<Dnm<DBM 1 izmzmfm£mm?<D±m*^-tm. 
m2\±c(D>&w<DnM(Dj&m 1 izm^mmEEmm-TcDmmt^irm, 

m 3 an 2 K/t; Lfe^S^tt^Sffi* LfcEk 

m 9 (i c (D$kW(on.m<Dft>m a izm z mmi£nm?<D ±m -r eu 
m i o &z(DmM(Dnmmm4 iz{%zmimmmmi L (Dwm*^Tm, 
mi n±mi oiZTT^rc^mm^&^mxLr^m. 

m i 3tt^w^B^(Dll^E©sHi5(3^^s^!iIl^mlR^ : £^■rEl^ 

0 1 4&M 1 3(z^bfc^£E'it^^cD^!^t4^^t-|2ls 

mi 6i±zcDftW(onM<Dftm7 tzmzm%f±mm?*^tm. 

m 1 1 \±z.(Dmm%mmms izmzMmmmmT&^-tm. 

m i s\±z\(Dmmnmmm$i,zmzMm&mm*<D±.m*ffiirm. 

m 1 9 lizcoftwnnMcDBms izm&mm.mmi-nmmitmtm, 

m2 o&m i 9(c^ufe^w^^MS5^ife^bfciii. 

i2 i i±m 2 otz^bfc^gEm^^cD^^tt^^-rgis 

02 2&z.(Dftw<D%M<DftM i o (cf^s^Mmm^^©±ffi^^-ria. 

0 2 3 &c<7j^ H£© HiS(7^S 1 0t:«sgiJRffi«* J ?©»fiI5*^-rEx 
H2 4&EI2 3(C/Tsbfc^#^±ttggP^i£^UfeEI. 

[H2 s&zwmmnmm i i ^{&s$iiitj±m^£^-f iik 
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in 2 6b£z(DftW(DnMmi 2iz^^mm&mm^(o±m^-rm, 
hi 2 ite^cDmmnmm i 2 izm^nmBEmm^comm^m-rm, 

E12 8&E12 7{c,Txbfc#S«J^tlSgP&te^LfeE> 

EI 2 9 ttU 2 8 {C/Ts L t fiMJEm^^cD^M^^/Tv-rSx 

hi 3 o&zoftwonmmi ziz&znmjzmm^z^-rm, 
si 3 Kim 3 oiz*LtzmmEEmm*<nft®. ! ft&z^tm. 
m3 2&zL(D>&monmm 1 4£{&&^ii£ijEm5!i^£^-fEk 

HI 3 31*^(73^0^11^1 5£^£^MiEmi^£^-rHU 
HI 3 4 fc^;fc©*WllgJE*5ft^O±ffl£^ <TEk 

hi 3 5 &hi 3 4 iz7jk\stimmmmmi L e>mm*^-rm. 
hi 3 6 teft&cDiik&mgmmmT&twz^tm, 
hi 3 7«hi3 6 iz^otimmKmm^mm^rm. 
hi 3 8«hi3 4 tffi^frmmKmm?(ngwm&fcffiv>ifcxm. 

HI 3 9 te#t4$©feiB^cD0]£^-rEk 
HI 4 Oti^jtirff^tlC^O^J&^-rHls 

hi 4 1 &vt&(Di£m.m : ?-(Dmm*ffi-rm. 

hi 4 2tiHi4 1 iz*\.tzj£mm?(D<fri&ttvk**-rm. 

HI 4 3(i^*CD^©fl£«^?cD±®^^-rHIs 

hi 4 4&HI4 3 izfi<\stzj±w.mi L (Dmm*fn-rm. 

hi 4 5&HI4 3&x?m4 4iz^\sfc&mm?(Dftm'ft&*7rs-rm. 

HI 4 6{i^*<Dftb©£Em^^oJiffl^^-rHI. 

hi 4 7tiHi4 5izjfi[stzE.w.m?(Dmmit*i-m. 

EI 4 8&E14 6S^HI4 7 iz 7* LfcKmm?(D ft mtt&**-rm~e&2>o 

±.uwM(D±.mmzm.fr**n < \.tzm2<D±^m*i&vtzMmj£m 

l^tont, JUTc7)|iy&0iJ 1 ~8 t {.mm? Z>o 
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•gmm 1 . 

*«e»attw-rso laifciu cio«w©iiJi«iK:»*itiftBE** ; ? t ©±ia*^-ria 

s 3I±JES?*1J& 4tt±g|5mMs 5fcfc;W:P*-;K 6(±^#rt^tttSgPs 20l± 
±®«ffi4 Ufc±6B*«* 2 1l±x77'J-rA 2 2ttM>f KT 

n«b«!i^fc«)* fle^/p&fflv^n-cv^ss'U^v (si) ¥m<b&fo> uv*? 

h>X>m (G a A s ) «fc 3 fc¥*<*3£tRT*K #7*. tf7T-f7\ 

iftTni/^A (MgO) <DJ:o3&^#<*:^©^Oieiitt4(D^m^te©V^ 
m-efcJHNo $${3, (Si)Ste, «U^Athi (GaAs) m 

ifbx-^^^A (MgO) »»»*&tt#J;<* <SnfeM*£W*4-£-&3 

Z<D¥&itmR 1 9 <D±lz^ TSMHS 2 SffMtSo *3M*£I6 1 9 £TgBm 
J3S2 £©^(3, ilb>>'Jn> (SiO, S i0 2 ) ^'fb^Un> (SiN) m 

±g|5^fig4S^-rSo 
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So 

& v n t t 2 o TflB© as ft*gai(c&-r a =t -s t -r s t > S5 esistM® 

JEEmifl^InJbT'&So 

bfr U ZKBSSifcfll 1 C« 5 ^MMi^ii. Elil 3 (ci^^Wi^O^ic 
tfi^^fiJobTV^o 

3 att»V^ffl±6B«ffi4 8IS©E*fl^ 2 3 b t±JP^±8ffS«8 2 0 gB©ff.««^ 
2 3 c (iJfit*MJE«^> 2 6ttf*Jbj&©;£M©£&t®-£"&So 

, 2 4{i»^±gRmM£Emi*:2 3 a©#»<RM4s 2 5 B:JfU>±8BS*figflIE*<* 
2 3 b^>»«fttTf»5. 

fg» (PbTiO,) (D&*mfrWLV&®. *Jfrzi >Rlfi (PZT) ©3 

#>Jp ^-f^flRlK £ f-^A (LiTa0 3 ) Z *&£>S#JS*^£I& 
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m<tmt& (ZnO) V&ibT'JUX-trl* (A IN) £/8l,*fcflE#<0»BtEE 
flU^CJt^T* «fc 0A»«:*-Tttflift5iaif*So *7V>Jfc<rfck BE 

(3 fc^SR^WttatJlt^ttWiB 1 5 0 PP- 10-2 

1, 199 1 (WT, «8hUt) CC3¥U<^nj3^n-C^So 

^±6MHS8IHBS<*2 3 a®jKBrJ3«ft r f 0 ..J ±S5«ffi4 fcTSMHS 
2©f*i:Hti^©feftCN i»mfi8gPEm^2 3 ctf)j&»rJ?e« r f of J 

Ufc. ±®«i|4C)41.flll©t!iJ«<0«!iflI**< U ffH±ffl$««2 OftJ&J** 
J9t,i±&ttffiffi£<Kffr2 3 b<Di&»rJiO« r f „ i2 j tt, ff^±8UWS2 0 

taI j «kt)*)^ So 

JEE*<*2 3 a4>T-(ifeM5Mii^0. ffv^±»««»B:«(*2 3 b ffC'ti^Br^i: 

t£%<D-c ?s^±SR«flBffl5E*#2 3 a^j? ^±asm^gi5Ji*<*2 3 b torn^- 

^§8 (PbTi0 3 ) , (PZT) . 9 )im*) 1> 

(LiTa0 3 ) fCEt«:Sffl^t> ^*)l¥-m fcii0>&3ESTC # Sfc«>x 

*«S0"J 2 . 
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& r fo. z J tts &^±g&m&Mm<*2 3 aOftKrJU&ft r f 0 .iJ «fc0fcte<& 

&£CDT\ afV>±aB«fi®.ffi«i*2 3 a£ffV>-tSHWSS$E«<*2 3bf:Ol*ff 
±g|Smfii4*J2o{c:^*»n-C^S©-C. 2o©±au«ffi4*s|^t/«ffi 

©IHIIHfc* »^±Mte4©MTli£fc» B^±.&WGi2 0<DmmTt&£* MM 
ift3 4'Ci$U<Kfc^£*iT^3o 
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HfflS0>J3. 

.|2 7t:^-r^llteM2©»^i:R«c'3. ±»M4©MR!l6IS#fcJ:* »^±6B«S 
i7 & 8 {3 Tfs U te £ -5 ft±SB«fi 4 GD-gfi(Dm«EJ?£J? <t5CI± 

HffiS0<)4. 
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MTSo 12 9 8:* c©*i!8O^lte0y4(-»S»J!ftEa* : ?©-tilS*^1-ia7?ifc 

o 

Eli lau hi oc^bfc#»w#«i**i6^UT^ufciat;»a. phhk** 

^T> 2 8 afctfg l©±8Baffi4eiJ©£E*flt > 2 8 b fcfcffl 2 ©±SflS*S 2 7 g|5© 
0i«tk 2 8c i±J«*IS«WE 3 » 

BH2ttx Ell lt:^UfcafWE**?0^*«H4ft^ria-e*4o PEJfcfc 
2 9 M 1 ©±ffl««»EEflM*; 2 8 a©#**M£, 3 0l±^2 ©_hg|S*ffi 

SglO±gp«ffi4(0««»* r d,j . ®E£ r p,j fcU m2(DJiai5SM2 
7©«ffi/P* r d 2 j , r iQ 2 j fctSo 35 1 <D±gBm^4c7)mMJf- r d,j 

IS r P 2 j ©« (d 2/ o 2 ) ©##*£^«^ Sf§l©±aB*ttffliEE«<*2 8a©Sft 

mmm». r f 0 ..j j;»)*»»2©±ait«»ffi*<*2 8bo*»fffl»» r f 0 . 2 j © 

3S2©-tgBmfii2 7&m 1 c7)±g|5miS4 S«£ti\ »2©±fflJ 

mm2 i<Dwmw r d 2 j ^mi(D±.^mm4(ommm rd,j j:i)j*<i-s«fcK 
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m2 7 i^w^a. ®2(D±.i$nm2 lommm r d zJ t±, 
m icD±gB«*i4a)a«8JS r d,j tmmfr. asi^fcL »<t*s«^t>»s 

o 

»0>J 5 . 

fiK&m&SW 4 £ |bH£T- & 5 o 

014{c*^Tx 3 2ttSB 1 RVm2<D±$limMt} s m&^tzi%m(Di£m<&3 1 
121 3 t^UfcWKmajR^tts ISBUai«>ttffi©SWiB 2 6(i. 8! 1 <D±gfl 

2©jigi5TO* j a^ofc^offim^3 icd«/iii« rf wJ fsi©±g& 

«&40)®|gJP fd.j tHfift^ms SS2©±gB«l£2 7©m@JP r d 2 j i: 
«Mft^f^<DI^*(wJ; Dx ^l©±®«ffiSPffi«i*2 8 a©X«f««« r fo.. 

^(Dtzsb, mi(D±&mmmE.mi&2 8 a.<D&mm%Li& r f 0 ..j tiiMi 
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Ell 3l:^bfciiEflftlis m2©_tg|5m*g2 7©tif r d 2 j 
rp 2j fc£, 7-f ;i/^»f^Jn2'S*:afiEK:SBl&Vlg2©.t®«atfS«i:S® 
^cOJEEmi*:3 1<Z>£KtJ3%& r f 0 . 2 J *ffi<-C*ntt«t<. 88I©±SB«S4(Z> 
Sffiff r d,j i" PlJ t*frs*"JKtt. Ell lfcif«Ufc»£J: t>*lv*o c 

iHWJ 6 . 

mm 4 tmmx*$>z 0 
m i 5 izm \sfrmm&m.m?&> m i i c^ufcinffs^t^si i © 

±g|5M4 i:&2©±SJ*ffi2 7 i:S^tfe*©Cffl^t5, Ufctf-DT. 
x*;i/^— Ell 1 (37fxUfc^M£Em^©ii^i:l§Jl3T-$) 

So 

mm$i& i )%*%i<^&gft$>Zo -r ^2<D±gpm®2 Kommw r d 2 

j fctffle r^j a^m <d 2/ o 2 ) teu gS iro±g|5S@4(7)«fii^ rd.j tmm r 
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mm r d,j «fc »)J9tv&£;P&!K otitis 0 7{C^bfe^M^J2(z;^5?ilKJE 
7 . 

ci^>«^j7-c-(is m2(D±.^mm2 7±fc&mi<D.tfflmm4(Dttzmt3Ltz 
mmtLTit^Zo mi(D±^mm4(D±izm2<D±.^mm2 ibmte^t^fto) 

So 

zcDtztb, m i 6iZ7f^tzMmj±Mm : T--zi±. mi 3iz7fiistcm'&tmmiz, 
m2(D±.ffimM2 Kommm. r d 2J r p 2 j ^ ;u*»fls±«&Rafi 

{&<T-#ftfc£<k < N ^ lCD±g!5miS4(Dm®i¥ r d,j £^JE£ r P,j IZPI?Z>®\ 
m.lt. mi 5 {CTj^L/fcHSS^J 6©l-pJ: DfcSi^o dftfciu tfl 1 <D_t2l5mM4 <D± 

ic, m2cD±i®mM2 7 ^afefe*niti3j:s^(DT-feSo 

^Jtti^J 8 . 

C(D^Oj3<^llift60"J8t3^S^Mmmm^(CO^TS 1 7 £#{8 U&tf'bg&B.Et- 
tzffittZ*-?mT~&&o **3> ^<7)^M^J8{w^SMMEEm^^^)^0^(i^ 
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mniz&^x. 3 3itm3(D±mnm. 3 4tt£s3©±s»«ffiaBflE«#-e& 
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l©±gBMSPJEm2 8 a tattoo -T&fr*., &3<&±S5«ffi»JE 

m<*3 4®&Brffl&& r f 0.3J g§ 1 <2±Si$m8igl5EEmte 2 8 a<Z>£Krft&ft 
r f 0 .iJ £.jBL^4b(0£%Z.X cfcV^o 

It^t, 0 1 7t^bfc*MJEaflc©^aJcf$i4t±x El 1 4 4flH>T%**i 
tf<fcHo EBbai«>«>SS*Ba2 6 ^ 2 ©±BBW£ 2 7 

^O^fi, ?^>^(PbTiO,), (PZT) 
s ^>^;i/i'Jf^A (LiTa0 3 ) , *TV>itcx#l/3fcATi:&SEEii 

So 

Bll2iVBI2K:^Ufc«ISSlc:, ill, [2113, 015, 016^ 
MTWM&Z tl Z i). 07, 08, 011, 013, 015, 016tw,x, 

^fc, 01, i2Mi3t-ti, xryj >^^2 1 &m^T±$mm4frt>m 
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n mm & v * > vm k «t s u r ji £ tai* s ^ mx~ & > ^ 

3O60>J9~ 1 5 tL-C^1-5o 

mmm 9 . 

la 1 8RZ*m 1 9t450-Cs 1 9&^f*^£fc£V>li^Ste&4£. 2 fiTStf 
0 Ali^te. 2 1 H:x77'J * V. 2 2 tt^ y b*T-&3o 

w»u«;ir>fc»s t^^ffli^ntt^^'J^^ (Si) ^*f4ta«i, 

At>* (G a A s ) ^#{fc*te©J:?fe¥#tM£«-e*K tf^Xs ^77^7, 

^nT**)<tv^o i/un> (Si) sis. i3v*?i±nm ( g a a s ) 
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«Mtvy*»>*A (Mgo) mnum&&&<, mntzmmuT~&z> 

o filT, ^#<*&&&S^tt&ffi<*£8il 9 bT^M&tt&Kl 9 hgB-fo 

;<D-f4M« 1 9©lCs FfBJflt«2 ZBmtZo ±m&m&. 1 9 i:Tg&« 
|sg2 iiOfiSJtc. gMtJ/U3> (SiO, SiO,) ^ftJ/ | J3> (SiN) ^ 

N«T-a5So TSI5m^2(D±(c. jEE«SfJg&3*JMU £ <b tcffiSHfM3©±t: 
x77'J y y 2 Hi, Jigf5m^4 £'*y h* 2 2 t&tlftWtttKtSfeftCffl 

bfrU £<0^« 9 JEES*lia3£Sttffl«i^©fl'tt 
. 2 3 att-t8P*£4»©£E«#. 2 3 btt»t#2 0 A 2 3 cli 

@2 la. H2 ot^bfcmaoEEasR^^^tt&^^siTfcao rat:* 

^■C, 2 4tt±»««IBffi«<*2 3a©d*«tts 2 5 tt»«#»E*# 2 3 b 
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T&mm2t&, mm&mteztiK m2 oiz^^rcrumm 2<Disi^mmt^x 
misX&Zo ztz, mi 9iz*^tcftmBnm?&. ^r^vvvz i t±»m 

m.w-2 0 Kiftz\m*^x^&i?. 12 ox\xmnfo2 oA^snt^n 
xi^Zo mmnmmmm^&s mi 9 izf^-rmm^^x^^o 

(PbTio,) (D^m^mum. v>v^>wi?->?>m.%> (pzt) ©3 
frBfr-r^QMrn, #>?)imv?-'y^ (LiTao,) zm^m^m^Mm 
m<DiMz, xrv yttotp 1 / 3ut t&zmmfo(Dm*BfrmMm$f&. mm 

ffiibffiiB (ZnO) *>m<t7)Vl~V2± ( A 1 N) ^fflVNfe^W-^Mffi 

H ^^WIBR^gfllttiKSR^tt^ 1 5 0 ilsfe P P . 10-2 
l x 199 1 (£ilK8) CiKPMnt^S. 

&<&5o 

±®mm4<Dmwmmzmmi&2 o AZftm-tzt, mmw-ummw. 

2 3 b©£ffrffl%% r f of 2 J tt. ±8&«S4 tmm&2 0 AO»*tK«fi«f» 

So 
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2 3 hommmmm r f «j ^fflr^i^ttJitii, ±SMWBa$EE*tt2 3 a«t» 

J±mtt2 3 ai:Mm2 3 b fc©Jft#ffl**£a*ii2 6 t^ot, 3W4» 

Btt (PbTiO s ) , ^n>if^>iJfi (PZT) , *>*;H8'J*-»>A 
(LiTa0 5 ) 3S<Z>ffi*tt&flH^ x*^— HJUa»**STS5fc»^ 

^JS^J 1 0 . 

zomR&mmm 1 o izmznmmmm?£~=>^xffl2 2-1^2 4 *#fiau*c 
tfzmwrzo 02 2tis 3<D^<7)mii0>i 1 0 izm^mummm^hm^m 

Z\<Dtztb, ±g»m-filgBffim^2 3 aCDj&mMIM r f 0 ,„J a35«<*S5E'«# 
2 3 b^idffirJl^ rf W2J fc©lffl©JS«»«"T?fcJ:, ± 2 3 a* 

-CttielRtifc&O* &Stt8BJEtttt2 3 b^T-tt^ffiT^^^StO-C. ±ffiS«ffiffi 
J£fiifc2 3 &tmmfo&B.nfc2 3 b i:<Z>J£#@#£t*®2 6tfr-3T. 
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©»-£rfcfcs J:»«S4*«2ofc^nr^5©-^ 2o<DJi8l$«ffi4**PID*<4 

©rami:, ±»««4©»a^ifefc. »«*2 o Aoiitttt 

Hffitt i i . 
s i o fc^«-e*So 

^MJ:9rt«fc»*UW*. H!&&*>#«fcU jR«ifi2 6J:»)rt«-e*t 
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H2 0, 1212 4&Xfm2 5{C/TNbfc«t 3*C±8IMWS4© Jb£»*i*2 OA^f 
jfc-fSCBu ±»«S4©J:iiii£Tfc:»*tt2 0 A£«U ^cD^lc, 

3i»y^->^©^©t:«t ^S^^mi*2 0 A ££l&;fe-f ± 
0»ffi4ft^fAU U7 h/f7^^Jr>nffl^£f»2 0A^ 

gifc, ttfflt581^ ®<b*> l )^> (SiO> Si0 2 ) N Sfl:2/'J3> 
(S iN) ^®^'J=J>mc!)<b^T'*)^ 2®Mt^*> (TiO,) ^<£>^*> 

£«fi0l 1 2 . 

#e 12261*. cio^^o^ijs^ji 2i3^s-j$jjfii£m* : P<£>±®£^ 

H2 6&VB12 7t*SV^Ts 4(i±gpm«l> 2 7 Afcfc»«<*T?*5o 
V>T. 2Batt±»ii4»0Et^ 2 8btt»t#2 7A8POffii^ 2 8 
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v>r, 2 9 t±±^mmsRs.mi^ 2 8 a©^^, 3 0 i±mmi*.$v±m.f& 2 8 b 
d 2 j , fptj ±samm4(Dmmm ""d.j r /o,j ( 

d 1( o,) (tHx mmi&2 7 AOJSW fd 2j r^^j (Dlft (d 2/ o 2 ) 

2Ufc0iJ 1 3 . 

1213 0lC;fc^T, 3 ltt±gp»S4i:a««i*:2 7 A*»fiJ&ofc«*SOJE*f*:Tf 
0 3 KCiJ^Ts 3 2fcfc±8MK14 £^m<£2 7 A#S& o fe 3 

o±{cffi«f3feiji«<*:2 7 A©Jiiiiffi©TfflJi:&So d©±as«« 4 tmm<&2 7 
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d,j tmmnmjj^ m&itz i Aomm r d,j fmrnM^^mysizx 

±gpmMgf5JEEm^2 8 a©MB5r^^ r f 0mJ £±gflM 4 tigit 
&2 7 A#S&^£M©EEmte3 1 <2MJrr/Hi&i& rf oraJ h(D?gKDm%Lm.®.X* 

1213 o iz.tr, LtzMmEEmmTX'te. mmi£2 7 Amm fd 2j *>mm r /o 2j 
^3 1 ©agBrj^t&fc r fof2j ^i£<T-^n^j: <u £&mM4<z>mmm rd.j 

i:mJS r p,j (c^f-reffeiJRSIi. 1212 8 lc^L£i§-£ct DifcS^o dfttt, ±gpm 
^4cD±{z > ^#2 7 A£S;tefc«ijg£ ^S^cDT'&So 

nmm 1 4 . 

T£o 1213 2tdu d^H^H^ 1 4(Cf^S^MJ!£m^^©^^^it^g|5*ffi 

fiRttfStoW 1 2 i:(sI^T'3?>So 

H13 2{c^bfev^MEEm^{i, [212 8(c^Lfc^Mflim^(C4bnt-S±gpm 
4S4 tmmfa2 7 A£*mffi.£M:tci>(DlzmM?2>o LtzftiT. x.*)\,*-m 

Di&tocDi&^mifcju 1212 8iz?r,istzMJimnte<Dm&tmKT*$>2>o 

ccDtztbs mm.&2 7 At iSIIii^lt ±SBWi4(c < fc3fCM^<fc 0 * 
*£^#g#fc$o f §£m<£2 7 A<Df|gJP rd,j t®m r p 2 j (Dm ( 

d 2( o 2 ) a, ±gum*i4(DSM rdij ^mse r /o,j (Dm (d,*,) j^h^ 
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%mm 1 5 . 

m±nmm i 2 tmm-e&Zo 

o 

lcD±gummai5JEEm^2 8 aO^^tttCjSVNo 1-&fc*>> SI2<D_hSl5miSai5JE 
r f 0 .nJ C3?av>*)^i:#^T<t^o 

d(D$gBJ3fcfc N ^*>®&8 (PbTi0 3 ) s i?)^>&r*>mti (PZT) 
, *>*;i/®*U^A (LiTaO,), > It a ifi I /ZiikTbteZE.* 

So 

IU1 8&tfE)l 9£*sUfctt«»£s 12 8> 130, ^3 2C^lfc 
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m^iPffitfLZtlZ 112 4, 1212 5s E12 8, 130, E! 3 2 £ Tfv L 

Hfc, 018, Ell 9&t>*!22 0-e(i> xT^ U -v 2 1 £ffl^T±g|5«S4 

suiB^ i ©±ffi«^o«4'^<pe>»-CB!rsaEai»«i±©mi8B9i i ©±asra©*Miti 
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imi©±©-«k. ttB*2©h»««*miafcffl-es ^2©±jftm*££fsi© 
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^ (PbTiO,) Sif&frff Stf>T^ tt&«*M£^«8E#** 
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ffi >R (D ffi, m 

1. 3£&h, 
ffitm&<D -m C to fc TSflm«i t > 
iw sBT SfSffiiS ± J&J* * n fe EESIilK £ > 

waa£E«»«U:icsrt*nfciB i <D±.mnmt 

2 . SuIBfg 1 &t>*f& 2 ©±gRMtt-#*JfcJ&J&3**u nulB^g 2 CD hgRMOP 
<frtis buIB^ 1 ©±M««fc H^§^ci: ft W« "f S St*JS 1 3Btt<0&lg£ 

5. fflE» l©±»««fcffilB*2©±»«ttfcft«ttUfcClt«W«fc«il 

M 1 ttttottKEE**?. 

±SHWift fifcfc - ft^a tt8 at^cil 1 EttOWBtlEfll*?. 
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nfci3 <d tam^M * feci: *ftw.£T z m&m 7 aeaco^MjEEm^^o 

10. Htf,!3£Em^{i> *TV>J:t#0. 3 4 £<0'b£\<^ £%*&&.£? 2>m& 
1 1. HifHBffift^(i. ?-9>m& (PbTi0 3 ) Si^ttS^i:^ 

t-rzmmn 1 hb^o^mjee^^o 

m 1 IB^GOvUMJEflfSl^o 
1 3. 
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14. tttmmmz, mz±B^±<D-to£&f&2n&c. 
i stmommtEmmTo 

i 7. mz±ttmmtmmmik£zmwi^tzz£*ttwtTzmmsi i 3ia« 

is. miz±ffimm<DMz, mm±ffimM£b&m&m^mmmm.tt.*mtifrz. 
tzftmtrzm&m i 3tm<DmmE.mm : ?o 

Jii 3§m<Dmmni'mm? 0 



2 1. iwIB^tett. ^H^^S^tt^im^^T'feSCiiS^^-rSIt^ 

hi 3m®(DnmE.mmi L 0 

111 3HE«©^MEEm^^Fo 
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